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SYSTEM FOR DIAGNOSING EGR VALVE, ACTUATOR 
AND SENSOR RELATED FAILURE CONDITIONS 

10 

Field Of The Invention: 

The present invention relates generally to diagnostic systems for internal 
15 combustion engines, and more specifically to systems for diagnosing fault and failure 
m conditions relating to EGR valves, EGR valve actuators and EGR valve position 
sensors. 

;t BACKGROUND OF THE INVENTION 

^So 

When combustion occurs in an environment with excess oxygen, peal< 
13 combustion temperatures increase which leads to the formation of unwanted emissions, 
n such as oxides of nitrogen (NOx). One known technique for reducing unwanted 

emissions such as NOx involves introducing chemically inert gases into the fresh air 
1^25 flow stream for subsequent combustion. By thusly reducing the oxygen concentration 
of the resulting charge to be combusted, the fuel burns slower and peak combustion 
temperatures are accordingly reduced, thereby lowering the production of NOx. 

In an internal combustion engine environment, such chemically inert gases are 
readily abundant in the form of exhaust gases, and one known method for achieving the 
30 foregoing result is through the use of a so-called Exhaust Gas Recirculation (EGR) 
system operable to controllably introduce (i.e., recirculate) exhaust gas from the 
exhaust manifold into the fresh air stream flowing to the intake manifold. 

EGR operation is typically not required under all engine operating conditions, 
and known EGR systems accordingly include a valve, commonly referred to as an EGR 
35 valve, for controllably introducing exhaust gas to the intake manifold. Through the use 
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of an on-board microprocessor, control of the EGR valve is typically accomplished as a 
function of information supplied by a number of engine operational sensors. 

It is important to monitor the functionality of EGR valve control mechanisms for 
faults or failures that may occur during operation thereof. For example, if an EGR valve 
position sensor fails due to valve sticking, in-range, out-of-range or related failure 
conditions, it is desirable to monitor such conditions and log appropriate faults when 
they occur. Moreover, it is further important to distinguish failure conditions associated 
with an EGR position sensor from those associated with an EGR valve actuator, and to 
distinguish failure conditions associated with either of these mechanisms from those 
associated with an EGR valve actuator control system. What is therefore needed is a 
system for diagnosing certain fault conditions associated with an EGR valve position 
sensor, and for further isolating which of the one or more EGR valve position control 
system components are responsible for detected failure conditions. 
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SUMMARY OF THE INVENTION 



The foregoing shortcomings of the prior art are addressed by the present 
invention. In accordance with one aspect of the present invention, a system for 
diagnosing EGR valve-related failure conditions comprises an EGR valve having a 
valve inlet in fluid communications with an exhaust manifold of an internal combustion 
engine and a valve outlet in fluid communications with an intake manifold of the engine, 
the EGR valve responsive to a valve command to control exhaust gas flow 
therethrough, an EGR position sensor producing an EGR valve position signal 
indicative of EGR valve position, and an engine controller producing the valve 
command, the engine controller responsive to the EGR valve position signal and the 
valve command to determine when the valve command corresponds to commanding 
the EGR valve from one of a fully closed and a fully open position thereof to one of a 
fully open and a fully closed position thereof, the controller thereafter responsive to the 
valve position signal to measure a response time between the one of a fully closed and 
a fully open position and the one of a fully open and fully closed position, the engine 
controller logging an EGR valve response time fault if the response time is greater than 
a response time limit. 

In accordance with another aspect of the present invention, a system for 
diagnosing EGR valve-related failure conditions comprises an EGR valve having a 
valve inlet in fluid communications with an exhaust manifold of an internal combustion 
engine and a valve outlet in fluid communications with an intake manifold of the engine, 
the EGR valve responsive to a valve command to control exhaust gas flow 
therethrough, means for determining a position of the EGR valve and producing an 
EGR valve position signal corresponding thereto, and an engine controller producing 
the valve command, the engine controller responsive to the EGR valve position signal 
and the valve command to determine when the valve command corresponds to 
commanding the EGR valve from one of a fully closed and a fully open position thereof 
to one of a fully open and a fully closed position thereof, the controller thereafter 
responsive to the valve position signal to determine a final valve position after a time 
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delay following the valve command, the engine controller logging an EGR valve 
response time fault if a difference between the final valve position and an expected 
valve position is greater than a position threshold. 

In accordance with yet another aspect of the present invention, a system for 
5 diagnosing EGR valve control system related failure conditions comprises an EGR 
valve having a valve inlet in fluid communications with an exhaust manifold of an 
internal combustion engine and a valve outlet in fluid communications with an intake 
manifold of the engine, an actuator responsive to a drive signal to control a position of 
the EGR valve, a position sensor producing a position signal indicative of actuator 
10 position, a current sensor producing a current signal indicative of actuator current, a 
valve controller responsive to an error signal corresponding to a difference between a 
valve command and the position signal to produce the drive signal, and an engine 
^0 controller responsive to the valve command and the position signal to produce a 
'4 position estimate, and to the valve command and the current signal to produce a 
MS current estimate, the engine controller diagnosing a properly functioning EGR valve 
iU control system if the error signal is less than a first threshold, a difference between the 
T position signal and the position estimate is less than a second threshold and a 
f: difference between the current signal and the current estimate is less than a third 
W threshold. 

1-20 In accordance with a further aspect of the present invention, a system for 

diagnosing EGR valve control system related failure conditions comprises an EGR 
valve having a valve inlet in fluid communications with an exhaust manifold of an 
internal combustion engine and a valve outlet in fluid communications with an intake 
manifold of the engine, an actuator responsive to a drive signal to control a position of 
25 the EGR valve, a position sensor producing a position signal indicative of actuator 
position, a current sensor producing a current signal indicative of actuator current, a 
valve controller responsive to an error signal corresponding to a difference between a 
valve command and the position signal to produce the drive signal, and an engine 
controller responsive to the valve command and the position signal to produce a 
30 position estimate, and to the valve command and the current signal to produce a 
current estimate, the engine controller diagnosing a valve controller failure if the error 
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signal is greater than a first threshold, a difference between the position signal and the 
position estimate is less than a second threshold and a difference between the current 
signal and the current estimate is less than a third threshold. 

In accordance with yet a further aspect of the present invention, a system for 
diagnosing EGR valve control system related failure conditions comprises an EGR 
valve having a valve inlet in fluid communications with an exhaust manifold of an 
internal combustion engine and a valve outlet in fluid communications with an Intake 
manifold of the engine, an actuator responsive to a drive signal to control a position of 
the EGR valve, a position sensor producing a position signal indicative of actuator 
position, a current sensor producing a current signal indicative of actuator current, a 
valve controller responsive to an error signal corresponding to a difference between a 
valve command and the position signal to produce the drive signal, and an engine 
controller responsive to the valve command and the position signal to produce a 
position estimate, and to the valve command and the current signal to produce a 
current estimate, the engine controller diagnosing a position sensor failure if the error 
signal is greater than a first threshold, a difference between the position signal and the 
position estimate is greater than a second threshold and a difference between the 
current signal and the current estimate is less than a third threshold. 

In accordance with still a further aspect of the present invention, a system for 
diagnosing EGR valve control system related failure conditions comprising, an EGR 
valve having a valve inlet in fluid communications with an exhaust manifold of an 
internal combustion engine and a valve outlet in fluid communications with an intake 
manifold of the engine, an actuator responsive to a drive signal to control a position of 
the EGR valve, a position sensor producing a position signal indicative of actuator 
position, a current sensor producing a current signal indicative of actuator current, a 
valve controller responsive to an error signal corresponding to a difference between a 
valve command and the position signal to produce the drive signal, and an engine 
controller responsive to the valve command and the position signal to produce a 
position estimate, and to the valve command and the current signal to produce a 
current estimate, the engine controller diagnosing a current sensor failure if the error 
signal Is less than a first threshold, a difference between the position signal and the 
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position estimate is less tiian a second ttireshold and a difference between the current 
signal and the current estimate is greater than a third threshold. 

In accordance with still another aspect of the present invention, a system for 
diagnosing EGR valve control system related failure conditions comprises an EGR 

5 valve having a valve inlet in fluid communications with an exhaust manifold of an 
internal combustion engine and a valve outlet in fluid communications with an intake 
manifold of the engine, an actuator responsive to a drive signal to control a position of 
the EGR valve, a position sensor producing a position signal indicative of actuator 
position, a current sensor producing a current signal indicative of actuator current, a 

10 valve controller responsive to an error signal corresponding to a difference between a 
valve command and the position signal to produce the drive signal, and an engine 
controller responsive to the valve command and the position signal to produce a 
position estimate, and to the valve command and the current signal to produce a 
current estimate, the engine controller diagnosing an actuator failure if the error signal 

15 is greater than a first threshold, a difference between the position signal and the 
position estimate is greater than a second threshold and a difference between the 
current signal and the current estimate is greater than a third threshold.. 

One object of the present invention is to provide a system for diagnosing EGR 
valve control system related failures. 

20 Another object of the present invention is to provide such a system operable to 

diagnose in-range and out-of-range EGR valve position sensor failures. 

Yet another object of the present invention is to provide an EGR valve control 
system failure diagnosis strategy operable to diagnose a number of different EGR valve 
control system failures based on differences between a valve command and a valve 

25 actuator position, between measured and estimated values of valve actuator position 
and between measured and estimated values of valve actuator current. 

These and other objects of the present Invention will become more apparent 
from the following description of the preferred embodiments. 



CEC-170/SD-2231 



7 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic illustration of one preferred embodiment of a system for 
diagnosing EGR valve, actuator and sensor related failures, in accordance with the 
5 present invention. 

FIGS. 2A and 2B comprise a flowchart illustrating one preferred embodiment of a 
software algorithm for diagnosing EGR valve functionality, in accordance with the 
present invention. 

FIGS. 3A and 3B comprise a flowchart illustrating one preferred embodiment of a 
10 software algorithm for diagnosing in and out of range EGR valve sensor related failures, 
in accordance with the present invention. 

FIG. 4 is a flowchart illustrating one preferred embodiment of a software 
^0 algorithm for executing the fault log pretest required by the algorithms of FIGS. 2A-2B 
j and 3A-3B. 

&5 FIG. 5 is a diagrammatic illustration of one preferred embodiment of the EGR 

iU valve control system failure isolation block of FIG. 1 , in accordance with the present 
Invention. 

: ^ FIG. 6 is a diagrammatic illustration of one preferred embodiment of the failure 

W identification block of FIG. 5, in accordance with the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

For the purposes of promoting an understanding of the principles of the 
invention, reference will now be made to a number of preferred embodiments illustrated 
in the drawings and specific language will be used to describe the same. It will 
nevertheless be understood that no limitation of the scope of the invention is thereby 
intended, such alterations and further modifications in the illustrated embodiments, and 
such further applications of the principles of the invention as illustrated therein being 
contemplated as would normally occur to one skilled In the art to which the invention 
relates. 

Referring now to FIG. 1 , one preferred embodiment of a system 10 for 
diagnosing EGR valve, actuator and sensor-related failures, in accordance with the 
present invention, is shown. System 10 includes an internal combustion 12 having an 
intake manifold 14 receiving fresh air via intake conduit 16. Optionally, as shown in 
phantom in FIG. 1, system 10 may include an intake air cooler 18 of known construction 
disposed in line with Intake conduit 16. An exhaust manifold 20 expels engine exhaust 
to ambient via exhaust conduit 22, and an EGR conduit 24 is disposed in fluid 
communication with exhaust conduit 22 and intake conduit 16. An EGR valve 26 of 
known construction is disposed in line with EGR conduit 24, and an EGR cooler 28 of 
known construction may optionally be disposed between EGR valve 26 and intake 
conduit 16 as shown in phantom in FIG. 1. 

System 10 includes an engine controller 30 that is preferably microprocessor- 
based and is generally operable to control and manage the overall operation of 
engine 12. Engine controller 30 includes a memory unit (not shown) as well as a 
number of inputs and outputs for interfacing with various sensors and systems coupled 
to engine 12. Controller 30, in one embodiment, may be a known control unit 
sometimes referred to as an electronic or engine control module (ECM), electronic or 
control unit (ECU) or the like, or may alternatively be a general control circuit capable of 
operation as described hereinafter. 

Engine controller 30 preferably includes a summing node 32 having an addition 
input receiving a valve actuation command (VAC) and a subtraction input receiving an 
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actuator position signal (AP) from a valve actuator circuit 36. Summing node 32 is 
operable to produce an error signal (ERR) as a difference between the valve actuation 
command (VAC) and the actuator position signal (AP). The error signal (ERR) is 
applied to an input of a valve controller block 34 operable to produce an actuator drive 
signal (ADS) as a function thereof. The valve actuator circuit 36 is responsive to the 
actuator drive signal (ADS) produced by valve controller block 34 to either electronically 
or mechanically control the position of the EGR valve 26 via signal path 37. 

In accordance with one aspect of the present invention, engine controller 30 
preferably includes an EGR valve diagnostics block 38 receiving a number of input 
signals from a corresponding number of sensors associated with engine 12. For 
example, system 10 includes an ambient temperature sensor 40 of known construction 
that is electrically connected to an ambient temperature input (AT) of EGR valve 
diagnostics block 38. Sensor 40 may be of known construction, and is operable to 
produce an ambient temperature signal on signal path 42 indicative of ambient 
temperature. System 10 further includes a coolant system 48 having a coolant 
temperature sensor 50 in fluid communication therewith and electrically connected to a 
coolant temperature input (CT) of EGR valve diagnostics block 38 via signal path 52. 
Sensor 50 may be of known construction and is operable to produce a coolant 
temperature signal on signal path 52 indicative of the operating temperature of 
engine 12. 

System 10 further includes a battery 44 that is electrically connected to a battery 
input (B+) via signal path 46. EGR valve diagnostics block 38 further includes a 
charging system fault input (CSF) receiving a charging system voltage fault signal 
indicative of a fault state of a charging system sensor voltage supply. If a charging 
system sensor voltage supply fault is present, CSVF is preferably set at a first logic 
state, and is set to an opposite logic state if a charging system sensor voltage supply 
fault is not present. EGR valve diagnostics block 38 further includes a valve control 
input (VC) receiving the valve actuator command signal (VAC) thereat, and an actuator 
position input (AP) receiving the actuator position signal thereat. 

In accordance with another aspect of the present invention, engine controller 30 
further includes an EGR valve control system failure isolation block 54 having an error 
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input (ERR) receiving the error signal (ERR) produced by summing node 32. Blocl< 54 
further includes an actuator drive signal input (ADS) receiving the actuator drive signal 
(ADS) produced by valve controller block 34, an actuator current input (Al) receiving an 
actuator operating current signal (Al) from the valve actuator circuit 36, and an actuator 
position input (AP) receiving the actuator position signal (AP) produced by valve 
actuator circuit 36. 

Referring now to FIGS. 2A and 2B, a flowchart 100 is shown illustrating one 
preferred embodiment of a software algorithm for diagnosing EGR valve functionality, in 
accordance with the present invention. Algorithm 100 is preferably stored within the 
EGR valve diagnostics block 38 of FIG. 1, and is executable by engine controller 30 as 
is known in the art. Algorithm 100 begins at step 102, and at step 104, controller 30 is 
operable to determine whether an internally generated EGR valve position sensor out- 
of-range fault is currently active. If so, algorithm execution loops back to step 1 04 until 
such time that the fault becomes inactive. If, at step 104, controller 30 determines that 
the EGR valve position sensor out-of-range fault is not active, algorithm 100 advances 
to step 106 where controller 30 is operable to determine whether an EGR valve position 
sensor in-range fault is currently active. If so, algorithm execution loops back to 
step 1 04. If controller 30 determines at step 106 that an EGR valve position sensor 
in-range fault is not currently active, algorithm execution advances to step 108 where a 
first timer T1 is set equal to zero. Thereafter, at step 1 10, a second timer T2 is also set 
to zero. It is to be understood that the timer values set at steps 1 08 and 1 1 0 are 
arbitrary, and may therefore take on values other than zero. 

Following step 110, algorithm execution advances to step 1 12 where engine 
controller 30 is operable to determine a difference between a currently commanded 
valve position Pc(K) and a previously commanded valve position Pc(K - 1). If this 
difference is greater than or equal to an error value ERR1 , algorithm execution loops 
back to step 1 10 to reset the second timer 12. If, however, the EGR valve position 
command value difference at step 1 12 is less than ERR1 , algorithm execution 
advances to step 1 14 where timer T2 is incremented by an amount AT2. Following 
step 1 14, controller 30 is operable at step 1 1 6 to compare the current value of timer T2 
to a predefined delay time TD2. If controller 30 determines at step 116 that T2 has not 
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exceeded TD2, algorithm execution loops back to step 112. If, however, controller 30 
determines at step 116 that timer T2 has exceeded TD2, algorithm execution advances 
to step 1 18 where controller 30 is operable to measure the current EGR valve position 
Pm. Preferably, controller 30 is operable to execute step 1 18 by monitoring the actuator 
position signal (AP) produced by valve actuator circuit 36. Thereafter at step 120, 
controller 30 is operable to determine an absolute value of a difference between the 
measured valve position (Pm) determined at step 1 18 and the most recent valve 
position command Pc from step 112, and compare this difference with a second error 
value ERR2. If controller 30 determines at step 120 that the difference between the 
measured and commanded valve position values is less than or equal to ERR2, 
algorithm execution loops back to step 108. If, on the other hand, controller 30 
determines at step 120 that the difference between the measured and commanded 
valve position values is greater than ERR2, algorithm execution advances to step 122 
where the timer T1 is incremented by an amount ATI . Thereafter at step 124, the value 
of the timer T1 is compared to a predefined timer delay period TD1 . If controller 30 
determines at step 124 that the value of timer T1 is less than or equal to TD1 , algorithm 
execution loops back to step 112. If controller 30 determines that the value of timer T1 
has exceeded TD1, algorithm execution advances to step 126. 

At step 126, controller 30 is operable to execute a fault log pretest routine as will 
be described in greater detail hereinafter with respect to FIG. 4. From step 126, 
algorithm execution advances to step 128 where controller 30 is operable to determine, 
based on information provided by routine 126, whether a fault should be logged. If so, 
algorithm execution advances to step 130 where controller 30 is operable to log an 
EGR valve functionality fault. From step 1 30, or if controller 30 determined at step 1 28 
that a fault was not to be logged, algorithm execution advances to step 132 where 

algorithm 100 stops. 

Under steady state conditions, EGR valve lift should closely follow the 
commanded valve lift, and the control error (ERR) produced at the output of summing 
node 32 should be zero. Algorithm 100 is directed to making such a determination as 
just described. 
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In addition to valve functionality, it is important to determine wliether the 
response time of EGR valve 26 opens and closes at expected opening and closing 
rates. Referring to FIGS. 3A and 3B, a flowchart is shown illustrating one preferred 
embodiment of a software algorithm 150 for monitoring EGR valve opening and closing 

5 rates to determine whether out-of-range EGR valve sensor failures exist, as well as for 
diagnosing In-range EGR valve sensor signal functionality. Algorithm 150 is preferably 
stored within the EGR valve diagnostics block 38 of FIG. 1 , and is executable by 
controller 30 in a manner known in the art. Algorithm 150 begins at step 152, and at 
step 154 controller 30 is operable to detennine whether an EGR valve position sensor 

10 out-of-range fault is currently active. If so, algorithm execution loops back to step 154. 
If, however, controller 30 determines at step 1 54 that an EGR valve position sensor out- 
of-range fault is not currently active, algorithm execution advances to step 156 where 
controller 30 is operable to measure a current EGR valve position (Pm). Preferably, 
controller 30 is operable to execute step 156 by monitoring the actuator position signal 

15 (AP) produced by valve actuator mechanism 36. Thereafter at step 158, controller 30 is 
operable to command the EGR valve 26 (via EGR valve actuator command signal VAC) 
from either a fully closed to a fully open position, or alternatively from a fully open to a 
fully closed position. Thereafter at step 160, controller 30 is operable to reset a timer. 
In accordance with one embodiment of the present invention, algorithm 150 

20 advances from step 160 to step 162 wherein step 162 includes steps 164-168. At 
step 164, controller 30 is operable to measure a current position (Pm) of EGR valve 26, 
preferably by monitoring the actuator position signal (AP) produced by valve actuator 
mechanism 36. Thereafter at step 166, controller 30 is operable to determine whether 
the current value of Pm corresponds to a fully open, or alternatively a fully closed, 

25 position. If not, algorithm execution loops back to step 164. If, however, controller 30 
determines at step 166 that the current value of Pm corresponds to a fully open, or 
altematively a fully closed, position, algorithm execution advances to step 168 where 
controller 30 is operable to compare the elapsed time value of the timer with a 
predefined time value AT1 . If the elapsed time value at step 168 is less than or equal to 

30 ATI , algorithm execution advances to step 178. If, however, controller 30 determines 
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at step 168 that the elapsed time value is greater than AT1 , algorithm execution 
advances to step 180. 

In an alternative embodiment of the present invention, algorithm execution 
advances from step 160 to step 170, wherein step 170 includes steps 172-176. At 

5 step 172, controller 30 is operable to compare the elapsed time value with the 
predefined time value ATI . If the elapsed time value is less than or equal to ATI , 
algorithm execution loops back to step 172. If, however, controller 30 determines at 
step 172 that the elapsed time value is greater than AT1 , algorithm execution advances 
to step 174 where controller 30 is operable to measure a current position (Pm) of the 

10 EGR valve 26, preferably by monitoring the actuator position signal (AP) produced by 
valve actuator mechanism 36. From step 174, algorithm execution advances to step 
176 where controller 30 is operable to determine a difference between a predefined 
valve open position Pqpen, or alternatively predefined valve closed position Pclosed, and 
the measured valve position Pm. If the difference is less than or equal to a predefined 

15 distance Dth, algorithm execution advances to step 178. If, however, controller 30 
determines at step 176 that the position difference is greater than the distance 
threshold Dth, algorithm execution advances to step 180. 

Regardless of whether algorithm 150 executes step 162 or step 170, both 
advance to step 180 where controller 30 is operable to execute the fault log pretest 

20 routine of FIG. 4. Thereafter at step 1 82, controller 30 is operable to determine whether 
a fault should be logged. If so, algorithm execution advances to step 1 84 where 
controller 30 is operable to log an EGR valve response time fault. Execution advances 
from step 184, and from the "no" branch of step 182, to step 186 where execution of 
algorithm 184, 150 is stopped. 

25 From the "no" branch of steps 168 and step 176, algorithm execution advances 

to step 178 where controller 30 is operable to compare the value of the timer with a 
second predefined time value AT2. If the timer value is less than or equal to AT2 at 
step 178, algorithm execution loops back to step 178. If, on the other hand, 
controller 30 determines that the timer value is greater than AT2 at step 178, algorithm 

30 execution advances to step 1 88 where controller 30 is operable to measure the EGR 
valve position sensor voltage (VPSV). Preferably, the actuator position signal (AP) is 
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produced by valve actuator mechanism 36 in units of voltage, and controller 30 is 
operable to execute step 188 by monitoring the actuator position signal (AP). In any 
case, algorithm execution advances from step 188 to step 190 where controller 30 is 
operable to compare the valve position sensor voltage (VPSV) with a voltage threshold 

5 Vth- If. at step 1 90, controller 30 determines that VPSV is less than Vjh in the case of 
a commanded valve opening event from a fully closed to a fully open position, or 
alternatively greater than Vth in the case of a commanded valve closing event from a 
fully open to a fully closed position, algorithm execution advances to step 186. If, on 
the other hand, controller 30 determines at step 190 that VPSV is less than Vth (or 

10 alternatively is greater than Vth) algorithm execution advances to step 1 92 where 

controller 30 is operable to execute the fault log pretest routine of FIG. 4. Thereafter at 
step 194, controller 30 is operable to determine whether a fault should be logged, and if 
so to log at step 196 an EGR valve position sensor in-range fault. From step 196, and 
from the "no" branch of step 194, algorithm execution advances to step 186. 

15 Algorithm 1 50 is operable to command the EGR valve 26 from either a fully 

closed position to a fully opened position, or from a fully open position to a fully closed 
position, and to determine a response time therefor. In so doing, algorithm 150 is 
operable in one embodiment to monitor the position of EGR valve 26 and to measure 
an elapsed time between valve fully open and valve fully closed, or valve fully closed 

20 and fully open, conditions. Alternatively, algorithm 150 is operable to monitor the 
response time of EGR valve 26 by first allowing a predefined time to elapse and then 
measuring a difference between EGR valve position and an expected EGR valve 
position. In either case, controller 30 is operable to log an out-of-range failure if the 
response time is greater than expected. In typical applications, the response time for 

25 EGR valve 26 to move from a fully closed to a fully open position is greater than 
response time requirement to fully close EGR valve 26 from a fully open position. 

Algorithm 150 is further operable to detect EGR valve position in-range failures 
by monitoring the valve position sensor voltage when the EGR valve 26 transitions from 
either a fully closed to a fully open position, or from a fully open to a fully closed 

30 position. In one embodiment, two diagnostic thresholds are defined: 1 volt and 

3.2 volts. When the EGR valve 26 is commanded from a fully open position to a fully 
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closed position, the sensor reading should be less than 1 volt, and should be larger 
than 3.2 volts when commanded from a fully closed to a fully open position. 
Algorithm 1 50 provides in each case a settling time AT2 for the sensor voltage to 
stabilize. If the EGR valve 26 is commanded from the open to the fully closed position 

5 and a sensor voltage of greater than 1 volt is detected after the predefined settling time 
period, controller 30 is operable to log an in-range "high" fault. If the EGR valve 26 is 
commanded from the closed to the fully open position, and a sensor voltage of less 
than 3.2 volts is detected after the predefined settling time, controller 30 is operable to 
log an in-range "low" error. Those skilled in the art will recognize that other voltage 

10 thresholds may be used, wherein such other thresholds are intended to fall within the 
scope of the present invention. 

Referring now to FIG. 4, one preferred embodiment of a software algorithm 200, 
for executing the fault log pretest routine of algorithms 100 and 150, is shown. 
Algorithm 200 begins at step 202 and at step 204 controller 30 is operable to determine 

15 whether a charging system sensor voltage supply fault is currently active, preferably by 
monitoring the charging system voltage fault value (CSVF) of FIG. 1 . If such a fault is 
present, algorithm execution advances to step 218. If not, algorithm execution 
advances to step 206 where controller 30 is operable to determine battery voltage (BV), 
preferably by monitoring signal path 46. Thereafter at step 208, controller 30 is 

20 operable to determine whether the battery voltage (BV) is between voltage ranges 
defined by VI and V2. If controller 30 determines at step 208 that the battery voltage 
(BV) is outside of the range defined by V1 and V2, algorithm execution advances to 
step 218. Otherwise, algorithm execution advances to step 210 where controller 30 is 
operable to determine ambient and coolant temperatures (AT and CT), preferably by 

25 monitoring the ambient temperature on signal path 42 and the coolant temperature 
signal on signal path 52. Thereafter at step 212, controller 30 is operable to determine 
whether the ambient temperature signal (AT) and the coolant temperature signal (CT) 
are both less than a temperature threshold Tth- If so, algorithm execution advances to 
step 218 where controller 30 sets a "do not log fault" instruction. If, on the other hand, 

30 controller 30 determines at step 212 that the ambient temperature (AT) and the coolant 
temperature (CT) are not both less than Tth, algorithm execution advances to step 214 
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where controller 30 produces a "log fault" instruction. From steps 214 or 218, algorithm 
execution advances to step 216 where the fault log pretest routine 200 of FIG. 4 is 
returned to its calling routine. 

It should now be evident from FIG. 4 that any fault conditions detected by 
5 algorithm 1 00 of FIGS. 2A - 2B or algorithm 1 50 of FIGS. 3A - SB will not be logged if 
a charging system sensor voltage supply fault is currently active, battery voltage is out 
of range, or the ambient and coolant temperatures are below a predefined temperature 
threshold. 

While the foregoing algorithms described in FIGS. 2A - 4 are operable to detect 

10 certain EGR valve-related failures, they are generally not operable to isolate particular 
failure modes associated with the EGR valve control system. For example, when a 
valve position in-range fault occurs, algorithm 150 is not operable to determine a cause 
( e.g. . sticking valve, failed position sensor, etc.) of the fault. In accordance with the 
present invention, the EGR valve control system failure isolation block 54 of controller 

15 30 is operable to isolate different failure modes to detennine whether any such failures 
or faults are due to actuator controller failures, valve sticking failures, position sensor 
failures or current sensor failures. 

Referring now to FIG. 5, one preferred embodiment of the EGR valve control 
system failure isolation block 54 of FIG. 1 is shown. Block 54 includes a first actuator 

20 position model 300 receiving the actuator position signal (AP) from the valve actuator 
mechanism 36 and the actuator drive signal (ADS) produced by the valve controller 
block 34. The actuator position model 300 is operable to process the foregoing input 
signals and produce an estimated valve position signal (EP) as a function thereof. The 
estimated position signal (EP) is provided to a subtraction input of a summing node 302 

25 having an addition input receiving the actuator position signal (AP) produced by valve 
actuator mechanism 36. An output of summing node 302 defines a first residual value 
R1 as a difference between the actuator position signal (AP) and the estimated position 
signal (EP). 

Block 54 further includes a second actuator current model 308 having a first 
30 input receiving the actuator drive signal (ADS) produced by valve controller block 34, 
and a second input receiving the actuator current value (Al) produced by valve actuator 
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mechanism 36. Actuator current model 306 is operable to process the foregoing input 
signals and produce an estimated current value (El) as a function thereof. A second 
summing node 308 has a subtraction input receiving the estimated current value (El) 
and an addition input receiving the actuator current value (Al) produced by valve 

5 actuator mechanism 36. An output of summation node 308 produces a second residual 
value R2 as a difference between the actuator current value (Al) and the estimated 
current value (El). Block 54 further includes a failure identification block 304 having a 
first Input receiving the error signal (ERR) produced at the output of summing node 32, 
a second input (R1) receiving the first residual value R1 from the output of summing 

10 node 302, and a third input (R2) receiving the second residual value from the output of 
summing node 308. 

In the algorithm illustrated in FIG. 5, actuator position models 300 and 308 
preferably correspond to Kalman filters configured to estimate actuator position and 
actuator armature current, respectively. The Kalman filters are preferably designed 

15 based on a known set of conventional motor equations representing an EGR valve 
model wherein the EGR valve position estimation value (EP) is derived based on the 
equations: 

dr ra^ Ke ADS ^^^^^ 

20 37=-,— KiiR1(t 

dt La La La 

d^ Ke^^ Bm Bs LKrs_ L ^ ^ 

dt Ja Ja Ja grJa Ja*gr 

30 .^vspl-Ki2R1(t) 
Ja*gr 

wherein the position residual is defined as R1(t) = p(t) - p(t). 

The parameters i, vs, and p are the estimated motor armature current, speed and valve 
lift position, respectively. AP is the differential pressure across the EGR valve 26 and is 
very small after the EGR valve 26 is open, and may be therefore typically be neglected. 



40 
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The armature current estimation value (El) is preferably estimated in accordance 
with the equations; 

5 dr ra Ke ADS „ , 

= 1 K2iR2(t 

dt La La La ^ 

dtn Ke Bm Bs LKrs L 

10 37 = T- fO) - — w - -r sign (^) — r- P - -rz — Ps2a*Va*AP 

dt Ja Ja Ja grJa Ja*gr 

15 -— ^vspl-K22R2(t) 
Ja*gr 

wherein the current residual is defined by the equation R2(t) = i(t) - i{t), 

Kii, Ki2, Ki3, K21, K22, and K23 are Kalman filter gains, which can be obtained by solving 

25 two known Riccati equations. 

It is to be understood that while the actuator current models 306 and 308 of 
FIG. 5 have been described herein as preferably comprising Kaiman-based filters, 
those skilled in the art will recognize that other known actuator position and actuator 
current models may be used to estimate actuator position and actuator current, wherein 

30 such values may be used to generate residual values R1 and R2. 

Referring now to FIG. 6, one preferred embodiment of the failure identification 
block 304 of FIG. 5, in accordance with the present invention, is shown. Block 304 
includes a first arithmetic operator block 310 having a first input receiving the error 
signal (ERR) produced by summing node 32 (FIG. 1) and a second input receiving a 

35 first high threshold value an from block 312. The arithmetic operator block 310 is 

preferably a "greater than" operator, wherein block 310 produces a "true" signal if ERR 
is greater than an, and othenA^ise produces a "false" signal. Block 304 includes a 
second arithmetic operator block 314 having a first input receiving the error signal ERR 
and a second input receiving a low threshold value at from block 316. The arithmetic 

40 operator of block 314 is preferably a "less than" operator such that block 314 produces 
a "true" signal if ERR is less than a\_, and otherwise produces a "false" value. 
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Block 304 includes identical arithmetic operator blocks 318 and 322 operable to 
compare the first residual value R1 to high and low threshold values bn and bL 
produced by blocks 320 and 324, respectively. Another set of identical arithmetic 
operator blocks 326 and 330 are operable to compare the second residual value R2 to 

5 upper and lower threshold values Ch and Cl produced by blocks 328 and 332, 

respectively. Arithmetic operator blocks 318 - 330 are configured to produce "true" and 
"false" values based on the respective residual values R1 and R2 as compared with 
their respective high and low threshold values as described hereinabove with respect to 
arithmetic operator blocks 310 and 314. 

10 Block 304 further includes a first AND block 334 having a first input connected to 

the output of arithmetic operator block 310, a second input connected to the output of 
arithmetic operator block 318 and a third input connected to the output of arithmetic 
operator block 330. The output of AND block 334 is provided to one input of a 
true/false block 336 having a second input receiving a valve position sensor failure 

15 value (VPSF) from block 338 and a third input receiving a null value from block 340. 
An output of true/false block 336 is connected to a memory unit 342. If the error value 
(ERR) is greater than an, R1 is greater than bn and R2 is less than cl, true/false 
block 336 is operable to provide the valve position sensor failure value (VPSF) to the 
memory unit 342 to thereby log a valve position sensor fault or failure therein. Any 

20 other combination of inputs to AND block 334 will cause true/false block 336 to log 
nothing into memory unit 342. 

Block 304 includes a second AND block 344 having a first input connected to the 
output of arithmetic operator block 314, a second input connected to the output of 
arithmetic operator block 322 and a third input connected to the output of arithmetic 

25 operator block 330. An output of AND block 344 is connected to a first input of 

true/false block 346 having a second input receiving an OK value from block 348 and a 
third input receiving the null value from block 340. An output of true/false block 346 is 
connected to memory unit 342. If the error value (ERR) is less than Si, the first residual 
value (R1) is less than bi and the second residual value (R2) is less than Cl, true/false 

30 block 346 is operable to provide the OK value to memory unit 342 to thereby log an 
indication that the EGR valve control system is working properly. Any other 
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combination of inputs at AND block 342 will cause the true/false block 346 to log 
nothing. 

Block 304 further includes a third AND block 350 having a first input connected 
to the output of arithmetic operator block 314, a second input connected to the output of 

5 arithmetic operator block 322 and a third input connected to the output of arithmetic 
operator block 326. An output of AND block 350 is connected to a first input of a 
true/false block 352 having a second input receiving an armature current sensor failure 
value (ACFS) from block 354 and a third input receiving the null value from block 340. 
The output of true/false block 352 is connected to the memory unit 342. If the error 

10 value (ERR) is less than at, the first residual value (R1) is less than bi and the second 
residual value (R2) is greater than ch, true/false block 352 is operable to provide the 
armature current sensor failure value (ACFS) to memory unit 342 to thereby log an 
armature current sensor failure therein. Any other combination of inputs at AND 
block 350 will cause true/false block 352 to log nothing within memory 342. 

15 Block 304 further includes another AND block 356 having a first input connected 

to the output of arithmetic operator block 326, a second input connected to the output of 
arithmetic operator block 318 and a third input connected to the output of arithmetic 
operator block 310. An output of AND block 356 is connected to a first input of a 
true/false block 358 having a second input receiving an actuator failure/valve sticking 

20 value (AFVS) from block 360 and a third input receiving the null value from block 340. 
The output of true/false block 358 is connected to memory unit 342. If the error value 
(ERR) is greater than an, the first residual value (R1) is greater than b» and the second 
residual value (R2) is greater than Ch, true/false block 358 is operable to provide the 
actuator failure/valve sticking value (AFVS) to memory unit 342 to thereby log an 

25 actuator failure or valve sticking failure indicator therein. 

Block 304 further includes a fifth AND block 362 having a first Input connected to 
the output of arithmetic operator block 310, a second input connected to the input of 
arithmetic operator block 322 and a third input connected to the output of arithmetic 
operator block 330. An output of AND block 362 is connected to a first input of 

30 true/false block 364 having a second input receiving a valve controller failure value 
(VCF) from block 366 and a third input receiving the null value from block 340. The 
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output of true/false block 364 is connected to memory unit 342. If the error value (ERR) 
is greater than aH, the first residual value (R1) is less than bt and the second residual 
value (R2) is less than d, true/false block 364 is operable to provide the valve controller 
failure value (VCF) of block 366 to memory block 342, to thereby log a valve controller 

5 failure therein. It is to be understood that the threshold values an, aL, bn, bL, ch and Cl 
are calibratable values, and will generally be dictated by the physical configuration of 
the EGR valve 26 and the vaive actuator mechanism 36. 

While the invention has been illustrated and described in detail in the foregoing 
drawings and description, the same is to be considered as illustrative and not restrictive 

10 in character, it being understood that only preferred embodiments thereof have been 
shown and described and that all changes and modifications that come within the spirit 
of the invention are desired to be protected. For example, while the invention has been 
shown and described hereinabove as applicable to an EGR valve, those skilled in the 
art will recognize that the concepts of the present invention may be equally applied to 

15 other air handling system control mechanisms including any one, or combination of, an 
electronically variable geometry turbocharger, an electronically controllable exhaust gas 
wastegate and/or an electronically controllable exhaust throttle. 



